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   Abstract: Both resolution and sensitivity of a fluxgate magnetometer is theoreti-
cally expected to be improved when the dimension ratio of its permalloy core is increased. 
Based on this theoretical expectation we manufactured a set of 6-81 Mo permalloy 
cores with a high dimension ratio of  11d-2.0 x  103, where length  1=500 mm, 
thickness  h= 10  ium, width w=5 mm, and  d=2V  h.zolz. A drive current applied on the 
core with a  10-kHz frequency makes a 20-kHz pick-up current which is amplified and 
phase-detected. The output voltage from the phase detector stands for the magnetic 
field strength along the core axis. Geomagnetic field variations are recorded by this 
 0.5-in two-core magnetometer at the Onagawa Magnetic Observatory of Tohoku 
University and compared with those recorded simultaneously by another commerical 
two-core magnetometer with a diamension ratio of It is concluded that this 
 0.5-m two-core type fluxgate magnetometer is much better than the previous 
commercial type one in both resolution of 10-2 nT (100 times better) and sensitivity 
of 10  mV/nT  (  =  100 times better).
1. Introduction 
   Various kinds of magnetometers have been used by researchers to observe magnetic 
fields for various geophysical  purposes: ground or space observations, parmanent or 
temporal observations, absolute or relative measurements, etc. in various frequency 
ranges for geomagnetic fields or rock magnetism etc. The purpose of this series of 
papers is to describe the magnetometers that have been developed recently by our 
research group. More than twenty papers that have already been published in Japanese 
will be assembled and translated into English for this series of papers. (The reader may 
refer to these Japanese papers listed in Appendix at the end of this paper, where 
the titles are written in English.) A stress will be put in this series on ring-core and 
search coil magnetometers for ground-based, balloon-borne, rocket-borne, and 
satellite-borne observations. Other kinds, e.g., a new electronic astatic magnetometers, 
will also be included in this series. 
 * Present addresss Laboratory ofSpace Science Tokai University, 2-28-4 Tomigaya Shibuya-ku, 
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meter consists of two parallely  asseml 
tape with 50  pm thickness, 5 mm width
 bled 
 and
   Table 1 summarizes main kinds of 
magnetometers which have recently been 
used practically for routine observation 
of geomagnetic field variations at ground-
based stations. As for the values of the 
uppermost limit and resolution, those 
estimated by Campbell (1967) are tabu-
lated are except for those on the last 
two columns in which the values ap-
plied in the Onagawa Magnetic Observa-
tory are listed. Among these kinds in 
the table, a two-core type fluxgate ma-
gnetometer with an extremely large 
dimension ratio will be described in this 
part of the series of papers. Part 2 of 
the series on the ring-core magnetometer 
is being printed in Journal of Geomagne-
tism and Geoelectricity (see Saito et al., 
 1980a). 
   The fundamentals of the fluxgate 
magnetometer was found out by Haig 
(1936), who had succeeded in measuring 
an ambient magnetic field. The first 
 fluxgate magnetometer in Japan for 
measuring geomagnetic variations was 
constructed by Kato et al. (1956) and 
was practically used for a routine obser-
vation at the Onagawa Magnetic Ob-
servatory. The sensor of the magneto-
silicate tubes in which a Mo-permalloy 
10 cm length is inserted by being rolled
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into a tubular form with about 2 mm in diameter and 10 cm in length. This 
type of the sensor developed originally by Vacquier (1941) is called the  two-core  type 
sensor. 
   Such tow-core type  fluxgate magnetometers have been improved by Abe et al. 
(1960), Terao and Matsuo (1966), and others and have been used for various purpose of 
observations; solar eclipse observations (Kato et al., 1956; Kato, 1960; Kato et al. 
1962), routine observations (Kato et al., 1960 and 1961), polar magnetic observations 
(Oguti, 1960), rocket observations (Kato and Aoyama, 1966; Kato et al., 1967), balloon 
observations (Kato et al., 1971 and 1973), satellite observations (Aoyama et al., 1979 
a and b), and conductivity anomaly measurements (Rikitake, 1966). 
   Sensitivity and noise level of  fluxgate magnetometer a e experimentally obtained 
by Toyama (1969) as shown in Fig. 1 by using two-core type sensors with various 
dimension ratios. The sensitivity is defined here by the output voltage in  µV from 
all the circuits for the imput of the unit magnetic field intensity  in nT that is applied on 
the sensor. The figure indicates that the noise level decreases and the sensitivity 
increases linearly with increasing of the dimension ratio. This experiment implies that 
when a two-core sensor with an extremely high dimension ratio is manufactured, an 
excellent fluxagte magnetometer is expected to be accomplished. The magnetometer 
manufactured on the basis of this principle in the present study will be called the  0.5-m 
length two-core type fluxgate magnetometer. 
2. Structure of sensor 
   Resolution and noise level of  fluxgate magnetometer is improved when the 
dimension ratio of its core becomes high. Then two-core type cores with extremely 
large dimension ratio of  2  x  103 were produced in the following way with a 6-81 Mo 
permalloy tape with  10-4 mm thickness, 5 mm width, and 500 mm length. The 
tape is rolled so as to form a long pipe with 1.8 mm diameter and 500 mm length. The 
pipe is then, inserted into a silicate tube with 504 mm length. Two such silicate tubes 
are assembled and are used as a sensor. Since  5  x 102 was the largest dimension ratio 
in the world for the two-core type  fluxgate sensor  (Toyama, 1969),  2  x  103 that is
EXCITATION 
  COIL  
(  9,825  T  )
CANCEL 
 COIL (4,464  T 
FEEDBACK 
  COIL (4,464  T) 
CALIBRATION 
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            PICKUP COIL 
 (3,894T)  X2 
Fig. 2. Composition of the  sensor.
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achieved in the present study is now the world-largest dimension ratio. 
   An excitation coil is made winding by 9825 turns around each of the two silicate 
tubes with 2.8 mm diameter, and the two coils are connected to make a differential 
circuit as shown in Fig. 2. Then a pickup coil (or a search coil) with 3894 turns is set 
around each of the two excitation coils. These two cores with the excitation and the 
pickup coils are assembled and are inserted together into a  silicate tube with an inner 
diameter of 16 mm, around which a 4464—turn cancel coil, 4464—turn feedback coil, 
and 4461-turn calibration coil are wounded next by next. A picture of the two-core 
type sensor constructed in this way is shown in Fig. 3. 
   It is quite evident from the picture that the sensor is sufficiently portable in 
comparison with a super-conductive s nsor, for example, and much smaller than an 
induction sensor having usually m length.
i
 bta
Fig. 3. The  0.5-m length two-core sensor.
3. Magnetometer electronics 
   An alternating voltage for the excitation coil with frequency of 10 kHz is
 10  KHz 
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Fig.  4. Block diagram  of the  0.5-m two-core  fluxgate magnetometer.
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5.  Mangetometers at the Onagawa 
Magnetic Observatory. Upper to 
lower,  0.5-m length two-core, ring-
core and proton magnetometers.
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generated by a PL fork oscillator, being 
amplified by a power amplifier and is applied 
to the excitation coil as shown in Fig. 4. 
The frequency 10 kHz of the oscillator out-
put is also transformed to 20 kHz by a 
frequency doubler to form a reference signal 
into a phase sensitive detector via a phase 
shifter and an amplifier. On the other hand, 
the second harmonic signal from the search 
coil of the sensor is amplified by an am-
plifier via a 20 kHz bandpass filter and 
applied also into the same phase sensitive 
detector. Since the magnitude and the 
phase of the second harmonic signal from the 
sensor are dependent on an ambient mag-
netic field intensity and porality, respectively, 
the geomagnetic field variations along the 
sensor axis can be measured. The relatively 
weak  EW component of the field is measured 
by rectifying the second harmonic signal 
directly through a phase sensitive detector. 
The NS-component of geomagnetic varia-
tions can be measured with the zero method 
by canceling the NS-component of the main 
field in the following way; a cancel current 
is applied via a current control on the 
cancel coil of the sensor that is layed on the 
NS direction. Figure 5 shows the electronics 
part of this two-core type  fluxgate magneto-
meter. Not only the sensor, but also the 
electronics of this two-core type magneto-
meter are very simple in comparison with its 
extremely high sensitivity as will be described 
in the next section. 
4. High-sensitive recording of 
    geomagnetic microfluctuations 
    The two-core type fluxgate magneto-
meter with the sensor and the  electornics 
that were described in the previous sections 
was set at the Onagawa Magnetic Observatory 
of Tohoku University (geographic latitude
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and longitude are 38°.43 and 141°.47, respectively, and geomagnetic latitude and 
longitude are 28°.55 and 208°.14, respectively). The  NS-component of a part of the 
geomagnetic  microfluctuations that were detected by this magnetometer is displayed 
in Figs. 6 and 7, where the magnetograms obtained simultaneously at the same site 
with the commercial two-core type magnetometer with the core dimension ratio of 
400 are exhibited with the same scale size to compare the two magnetometers. The 
present magnetometer can detect not only the same large-scale geomagnetic variations 
in high fidelity with the case of the magnetometer with the low dimension ratio, but 
also some  microfluctuations in the Pc3-4 period range that cannot be sensed by the 
low dimension-ratio magnetometer. We confirmed that these  microfluctuations are
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Magnetograms obtained by a commerical two-core magnetometer and  0.5-m length 
magnetometer at Onagawa.
two-
Fig. 7. 
core
Magnetograms obtained by a 
magnetometer at Onagawa.
 commercial two-ocre magnetometer and 0.5-m length two
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not spurious, but natural signals by comparing these with the induction magneto-
grams obtained simultaneously at the observatory. 
5. Conclusion 
   The two-core type fluxgate magnetometer with the core length of 0.5 m and with 
the dimension ratio of  2  x  103 has been developed. The measured sensitivity and noise 
level for this dimension ratio can be achieved to be  104  eV/nT and 8 X  10-4 nT, as 
expressed by the double circles in Fig. 1. As was expected form the  worldlargest 
dimension ratio at present, the results indicate that both the sensitivity and the noise 
level of this magnetometer a e much better than any of the previous two-core type 
fluxgate magnetometers. 
   Although the induction magnetometer and the La Cour type magnetometer that 
have been operated at the Onagawa Mangetic Observatory have the better sensitivities 
for limited frequency ranges than the newly developed fluxgate, the present magneto-
meter has merits of small size, light weight, anti-shock, portability, small power 
consumption, and easy operation. 
   In contrast to the ground-based observation, magnetic measurement in Space 
requires much restricted circumstances. For this purpose, the ring-core magnetometers 
that have been developed by our research group (see the literature at the end of this 
paper) will be very useful. Most of the later parts of this series of our paper will be 
shared for the ring-core magnetometers. 
   This series of our paper will be shared for the ring-core magnetometers. 
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